The purpose of this study was to assess visual function and vision-related quality of life after intravitreal injection of ranibizumab (IVR) using a pro re nata regimen for the treatment of age-related macular degeneration. Methods: A prospective study of 54 eyes in 54 patients scheduled to undergo IVR for the treatment of exudative age-related macular degeneration was performed. A self-administered, 25-item National Eye Institute Visual Function Questionnaire (NEI VFQ-25) was completed before and 3 and 12 months after the initial IVR treatment. We evaluated logMAR visual acuity and NEI VFQ-25 scores preoperatively and postoperatively. Further, associations between the changes in NEI VFQ-25 scores and patient characteristics were investigated at 12 months. Results: Postoperative best-corrected visual acuity improved significantly when compared with the preoperative visual acuity throughout the 12-month period (P0.05 at 3 and 12 months, respectively). On the other hand, IVR treatment significantly improved the postoperative NEI VFQ-25 mean composite score at both 3 and 12 months (P0.05, respectively). Better visual acuity at 12 months was associated with a greater improvement in NEI VFQ-25 score at 12 months (P0.05). Conclusion: IVR was well tolerated and improved vision in these patients with age-related macular degeneration, as evaluated at one-year follow-up examinations. IVR also enabled good subjective perception, as indicated by higher composite NEI VFQ-25 scores. Maintaining good visual acuity may be an important factor for improving vision-related quality of life.
Introduction
Age-related macular degeneration (AMD) is the leading cause of severe irreversible vision loss in older adults. 1, 2 Because of the rapidly aging population, the number of persons with AMD is expected to continue to increase in the future. 3 Severe vision loss in patients with AMD is caused by development of choroidal neovascularization (CNV). 4 The quality of life of patients with AMD is reportedly lower than that of normal subjects. 5 Recently, agents inhibiting the actions of vascular endothelial growth factor have been used to inhibit CNV in patients with AMD. Ranibizumab (Lucentis ® ; Novartis Pharma AG, Basel, Switzerland and Genentech, Inc., South San Francisco, CA, USA) is a recombinant humanized anti-vascular endothelial growth factor antibody fragment targeting all isoforms of vascular endothelial growth factor. 6 Intravitreal injection of ranibizumab (IVR) administered as needed has been well tolerated in patients with AMD.
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Evaluating the extent to which IVR improves patient quality of life is of much interest. Although several characteristics of IVR, such as visual outcomes, morphological changes assessed using optical coherence tomography, and complications, have been thoroughly evaluated, the influence of IVR administered pro re nata on patient quality of life has not yet been investigated. On the other hand, the National Eye Institute has developed a 25-item National Eye Institute Visual Function Questionnaire (NEI VFQ-25) to measure patients' subjective perceptions. 8 This questionnaire has been widely used to assess vision-related quality of life in patients with eye diseases such as cataracts, 9 glaucoma, 10 AMD, 11 macular hole, 12 proliferative diabetic retinopathy, 13 and rhegmatogenous retinal detachment. 14 The present study evaluated the effect of IVR for the treatment of AMD on visual function and vision-related quality of life using the NEI VFQ-25 questionnaire. Factors influencing changes in NEI VFQ-25 scores were also investigated.
Materials and methods
A prospective study was designed to assess visual function and vision-related quality of life after IVR using a pro re nata regimen for the treatment of AMD. All the patients were treated at the Yokohama City University Medical Center between October 2011 and September 2012. The study was conducted according to the principles of the Declaration of Helsinki and was approved by our institution's ethics committee. Informed consent was obtained from all the eligible patients.
Inclusion criteria were: presence of CNV as a result of AMD, diagnosed on the basis of clinical, angiographic and spectral-domain optical coherence tomography findings; availability for follow-up for 12 months after the first intravitreal administration of ranibizumab; and best-corrected visual acuity (BCVA) of 20/400 or better at baseline.
Because retinal angiomatous proliferation can occur in 4.5% of Japanese patients with AMD, 15 patients with this condition were not included in the study. Patients who stopped attending the hospital, those who developed exudative AMD in the contralateral eye, and those who received cataract surgery in the study eye or the contralateral eye during the follow-up period were also excluded.
All the patients received three initial monthly injections of ranibizumab 0.5 mg/0.05 mL. After the induction phase, the intravitreal injections were administered if any of the following changes were observed: presence of visual acuity loss 0.2 logMAR (logarithm of the minimum angle of resolution) vision; persistent or new hemorrhage; persistent or recurrent subretinal or intraretinal fluid accumulation; or fluctuation of pigment epithelial detachment as assessed using spectral-domain optical coherence tomography (Cirrhus high-definition OCT; Carl Zeiss, Dublin, CA, USA) at the monthly visit.
The NEI VFQ-25 was self-administered before and 3 and 12 months after the initial IVR treatment. The NEI VFQ-25 contains 25 questions measuring visual function. Each question is rated on a scale of 1-12; the questions concern general health, general vision, ocular pain, near activities, distance activities, social functioning, mental health, role difficulties, dependency, driving, color vision, and peripheral vision. Each subscale is then transformed to a 0-100 scale, with higher scores indicating better subjective visual function. The NEI VFQ-25 composite score is calculated as the mean score of all the subscales, excluding the general health item. 8 The Japanese version of the NEI VFQ-25 used in this study has been previously assessed for reliability and validity. 9 The main outcome measures were postoperative BCVA and NEI VFQ-25 scores. The BCVA was converted to logMAR equivalents for statistical analysis. Further, we used stepwise multiple regression analyses and the Spearman rank correlation test to evaluate the correlations between patient characteristics, namely, age, sex, visual acuity of the contralateral eye, visual acuity of the study eye at baseline and postoperatively, differences in visual acuity, type of AMD classified into classic CNV, occult CNV, and polypoidal choroidal vasculopathy, number of injections, and differences between preoperative and postoperative NEI VFQ-25 scores at 12 months after IVR.
The Student's t-test was used to compare NEI VFQ-25 scores or visual acuity between the baseline value and the value at 3 and 12 months. A P-value 0.05 was considered to be statistically significant.
Results
Fifty-four eyes completed 3 months of follow-up. During the follow-up period, four patients stopped attending the outpatient clinic, and one patient developed AMD in the contralateral eye. Finally, the outcomes in the remaining 49 eyes of 49 patients were completed at 12 months follow-up. Baseline patient demographic and clinical characteristics are presented in Table 1 . Of the 54 patients included in the series, 35 patients were men and 19 were women. The patients ranged in age from 52 to 86 (mean 73.8±7.1) years. Thirteen patients (24.1%) had classic CNV, 18 (33.3%) had occult CNV, and the remaining 23 (42.6%) had polypoidal choroidal vasculopathy. 
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iVr for aMD and vision-related quality of life the characteristics according to AMD subtype. The mean logMAR BCVA at baseline in patients with classic CNV was significantly higher than that of occult CNV and polypoidal choroidal vasculopathy (P=0.048).
The mean logMAR BCVA values at baseline and at 3 and 12 months after IVR treatment were 0.43±0.33, 0.32±0.37, and 0.30±0.36, respectively. Postoperative BCVA improved significantly, compared with preoperative visual acuity, throughout the 12-month period (P0.001 and P=0.034 at 3 and 12 months, respectively; Figure 1 ).
The mean logMAR BCVA at baseline was 0.59±0.29 in patients with classic CNV, 0.40±0.30 in patients with occult CNV, and 0.36±0.35 in patients with polypoidal choroidal vasculopathy. The mean logMAR BCVA values at 3 and 12 months after the first IVR treatment were 0.38±0.39 and 0.31±0.40, respectively, in patients with classic CNV, 0.32±0.30 and 0.34±0.31, respectively, in patients with occult CNV, and 0.30±0.41 and 0.27±0.38, respectively, in patients with polypoidal choroidal vasculopathy. In the patients with classic CNV, a significant improvement in mean logMAR BCVA was observed, compared with the baseline value, with improved visual acuity sustained throughout the 12-month period (P=0.004 and P=0.030, respectively). In patients with occult CNV, post-injection BCVA at 3 months, but not at 12 months, was significantly improved when compared with the value at baseline (P=0.016 and P=0.299 at 3 and 12 months, respectively). On the other hand, in the patients with polypoidal choroidal vasculopathy, no significant difference in mean BCVA was observed at any of the time points of evaluation when compared with the baseline value, although BCVA tended to improve (P=0.104 and P=0.218 at 3 and 12 months, respectively; Figure 1) . Figure 2 shows the preoperative and postoperative mean subscale and composite questionnaire scores. Postoperative Table 3 shows the results of stepwise multiple regression analyses and the Spearman rank correlation test. Better visual acuity at 12 months was associated with better improvement of NEI VFQ-25 composite scores at 12 months (R 2 =0.123, P=0.041; γ=-0.288, P=0.045, respectively).
Mean logMAR visual acuity
Discussion
Our study showed an excellent visual outcome at one-year follow-up after IVR treatment as needed for exudative AMD. Further, IVR treatment resulted in a higher postoperative NEI VFQ-25 mean composite score and higher scores for half of the subscales.
Some studies have confirmed that IVR for exudative AMD improves vision-related quality of life, as indicated by higher postoperative composite scores. 16, 17 However, these studies evaluated monthly IVR treatments, and the effectiveness of pro re nata treatment with regard to vision-related quality of life has not been studied. Further, to the best of our knowledge, no other published reports have investigated factors influencing changes in NEI VFQ-25 scores.
Although a statistically significant improvement in BCVA occurred after one year, this translated to only one line of improvement. Therefore, it might be surprising to see a 6.2 point improvement in composite score, especially considering that cataract surgery has been found to improve Figure 2 Comparison of mean subscale and composite scores. Notes: At both 3 and 12 months, the post-injection NEI VFQ-25 mean composite score was significantly higher than the preinjection score. The NEI VFQ-25 scores for three of the 12 subscales, ie, general vision, near activities, and mental health, were significantly improved at 3 months. Furthermore, the NEI VFQ-25 scores for six of the 12 subscales, ie, general vision, near activities, distance activities, mental health, color vision, and peripheral vision, showed significant improvement at 12 months. *P0.05. Abbreviations: nei VFQ-25, 25-item national eye institute Visual Function Questionnaire; 3 M, 3 months; 12 M, 12 months. 
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iVr for aMD and vision-related quality of life more than 15 points. 9, 18 We speculate that restoration of foveal morphology after IVR, which results in improvement of symptoms such as distortion and central scotoma, might be also related to improvement of vision-related quality of life, even if there was only slight improvement in visual acuity.
The patients exhibited significant improvements in general vision, near activities, mental health, and composite score at 3 months, and showed a further significant improvement in distance activities, color vision, and peripheral vision at 12 months. The mental health subscale includes how often patients worry, feel frustrated, feel out of control, and worry about doing things that will embarrass themselves or others. Therefore, not only an improvement in vision-related activities, but also mental stability induced by receiving IVR, may consequently contribute to a real improvement in patient comfort and provide ongoing benefits, resulting in an increase in vision-related subscales and mental scale scores.
Regarding factors related to vision-related quality of life, the improved visual acuity at 12 months was associated with a greater improvement in NEI VFQ-25 composite scores at 12 months. This finding suggests that maintaining good visual acuity during the maintenance phase is the most important factor for improving NEI-VFQ25 composite scores at 12 months. Because baseline visual acuity is closely correlated with final visual acuity, 17 an earlier diagnosis and prompt treatment are recommended to achieve better postoperative subjective satisfaction.
The main limitation of the present study is its small sample size. Further studies with larger sample sizes and longer follow-up periods are needed for a more precise evaluation.
In conclusion, IVR was well tolerated and improved vision in patients with AMD, as evaluated at one-year follow-up examination. IVR used pro re nata also enables good subjective perception, as indicated by higher composite NEI VFQ-25 scores in patients with AMD. Maintaining better visual acuity may be an important factor for improving vision-related quality of life. 
